Phase synchronization of chaotic systems with both weak and strong couplings has recently been investigated extensively. Similar to complete synchronization, this type of synchronization can also be applied in secure communications. We develop a digital secure communication scheme that utilizes the instantaneous phase as the signal transmitted from the drive to the response subsystems. Simulation results show that the scheme is difficult to be broken by some traditional attacks. 
I. INTRODUCTION
An interesting phenomenon of practical importance in coupled chaotic oscillators is the synchronizing state. Various types of synchronization including complete synchronization ͑CS͒, 1-3 generalized synchronization, 4 -8 and phase synchronization ͑PS͒ 9-13 have been studied. Among them, CS has been considered as a candidate for secure communications. Two typical approaches for this purpose include the masking of a weak analog message signal onto a strong chaotic signal from drive to response subsystems 14 -16 and the modulation of the parameters of the drive subsystem by a digital message. 17, 18 Besides these approaches, there are also other more complicated methods. They include the synchronization of hyperchaotic systems whose geometric structures are more complex;
19-22 the use of volume-preserving maps, 23 which do not possess an attractor and have essentially spacefilling trajectories; the synchronization through impulsive coupling, 24 -27 the method based on the active-passive decomposition with randomly multiplexed scalar coupling, 28 -30 and information masked by chaotic signal of a time-delay system. 31, 32 In order to improve the noise tolerance capability, an encoding method with a lower transmission rate can be considered, which by using we can encode a binary symbol in N continuous rotations of the mean attractor.
33,34 Most of the above-mentioned approaches are based on CS that requires negative conditional Lyapunov exponents ͑CLEs͒ of the response subsystem. 35, 36 This condition is important in maintaining the robust CS between the drive and the response subsystems during the communication.
On the other hand, PS is distinguished from CS by the appearance of entrainment between the phases of interacting systems with little correlation in signal amplitudes. 37, 38 It has been discovered to be a key feature in the dynamics of the human cardiorespiratory system, 39 extended ecological system, 40 magnetoencephalographic activity of Parkinsonian patients, 41 and electrosensitive cells of paddlefish. 42 In general, if the phase difference of two chaotic oscillators has a bounded value, i.e., ͉͉Ͻconst, it can be considered as PS. [9] [10] [11] In this paper, we present a scheme that hides binary messages in the instantaneous phase of the drive subsystem used as the transmitting signal to drive the response subsystem. At the response subsystem, the phase difference is detected and its strong fluctuation above or below zero recovers the transmitted binary message at certain coupling strength. This scheme is difficult to be broken by some traditional attacks, and it also operates with a weak positive CLE in the response subsystem.
The layout of the paper is as follows. The proposed secure communication scheme and its dynamical mechanism are described in Sec. II. Based on the scheme, we further restrict the transmitted signal to have bounded amplitudes instead of a linear phase increment. Thus the signal can be transmitted through physical channels. In Sec. III, an easy
Systems with time-delayed feedback signals are quite ubiquitous in nature. The delay is usually caused by finite signal transmission speed and memory effect. There have been extensive investigations on the influence of timedelayed feedback ͑including synchronization and amplitude death͒ in the context of coupled limit cycle oscillator systems ͓1͔. It has been found that time delay has a significant effect on the characteristics of all the major cooperative phenomena such as frequency locking and phase drift ͓2͔. As many chaotic models developed in physics, chemistry, and biology are formulated in terms of coupled nonlinear oscillators ͓3͔, time delay also plays an important role in the control and synchronization of these chaotic oscillators. It has been reported that a delayed feedback on one of the system variables can control the stabilization of the unstable periodic orbits of chaotic dynamics ͓4͔. In a coupled time-delayed system, complete synchronization can be obtained and applied to communication ͓5͔. The observation of lag synchronization also characterizes constant time delay between two signals ͓6͔.
Recently, the notion of synchronization has been extended to phase synchronization ͑PS͒ in a system composed of two mutually coupled nonidentical self-sustained chaotic oscillators ͓7͔. PS in coupled chaotic system is analogous to the phase locking of periodic oscillators, where the locking itself is the only concern. For a certain coupling strength, phase locking can be observed for two chaotic oscillators while their amplitudes remain chaotic and weakly correlated ͓8͔. This phenomenon has found applications in laboratory experiments such as lasers ͓9͔, circuits ͓10͔, and plasmas ͓11͔, as well as natural systems such as the extended ecological system ͓12͔, magnetoencephalographic activity of Parkinsonian patients ͓13͔, electrosensitive cells of the paddlefish, Canadian lynx-hare populations ͓14͔, and solar activity ͓15͔.
As time delay is generally encountered in signal transmission, it is important to study the characteristics of PS with time delay. A major advantage of delay coupling is that systems separated by a variety of distances can still be synchronized using the phase, even when the signal transmission is slow. Similar to other kinds of physical phenomena with time delay, PS with time delay is also important in engineering and physiological systems, where signal transmission and delayed feedback dynamics play a crucial role ͓16͔. For example, in arrays of semiconductor lasers, synchronizing the lasing elements in phase is of importance in order to obtain a large output power concentrated in a single-lobed far field pattern ͓17͔. The synchronization of arrays of semiconductor lasers by global coupling with time delay has been demonstrated by experiments ͓18͔. In particular, the phase-locked oscillator is found important in the understanding of neural information processing ͓19͔. The investigation of motivated time delay may improve such models. However, in spite of a large body of evidence of PS with time delay in nature, the study of PS phenomenon in a system coupling with timedelay signals is not yet available.
In this paper we show that PS can be obtained with coupling sets at various time delays. With the increase of time delay, a nearly periodic wave distribution of PS transition points is found. At small PS transitions that correspond to the valley of the wave, the PS phenomena are the same as those of traditional coupling with no time delay, where only the unique PS transition is found. However, at large transitions that are near the peak of the wave, there can be two types of PS transitions. One of them is a local PS ͑LPS͒ transition while the other is a global PS ͑GPS͒ transition. We characterize the final PS transition as a GPS transition where phase locking is always maintained even at an increase of coupling strength. In contrast to this, the LPS transition refers to the early transition to PS but then non-PS is observed again at an increased coupling strength. Our simulation results show that time-delayed signal coupling may lead to some special properties of PS that are in contrast to the situation without time delay.
II. GLOBAL PHASE SYNCHRONIZATION
We start with two coupled nonidentical Rössler systems ͓20͔, describing the evolution of three-dimensional vectors:
The interaction between two or more chaotic oscillators can produce different types of synchronization phenomena, depending on the degree to which the oscillators adjust their motion in accordance with one another. Phase synchronization "PS…, i.e., the phase of the oscillators is locked, may play an essential role in the regulation of various biological systems, as well as have potential applications in engineering fields. In this article, we investigate the phase synchronization between two chaotic oscillators with phase coupling. Various ratios of phase synchronization can be found with a variety of coupling strengths. Their dynamical properties are analyzed in detail. Our investigations lead to an alternative way to obtain robust PS that may lead to advancement in the research on nonlinear dynamics.
I. INTRODUCTION
The study of coupled oscillators is a fundamental research interest with applications in various fields. [1] [2] [3] [4] [5] In particular, the mutual synchronization of the oscillators is of great interest and importance among the collective dynamics of coupled oscillators. It usually occurs only when the coupling strength is sufficiently large. Various types of synchronization including complete synchronization, 6-8 generalized synchronization, 9-11 and phase synchronization 11-22 have been studied. Among them, the phase synchronization ͑PS͒ of chaotic oscillators with mutual coupling of variables usually occurs at coupling strength smaller than that required for complete synchronization. This is because PS corresponds to an entrainment of phases of chaotic oscillators, whereas their amplitudes remain chaotic and noncorrelated. Under classical definition, PS occurs if the difference ͉ 1 Ϫ 2 ͉ between the corresponding phases is bounded by a small preselected constant where (t) is the instantaneous phase of the chaotic oscillator. A weaker synchronization, referred as imperfect
PS,
12 is the coincidence of the mean frequencies, i.e., ⍀ 1 ϭ⍀ 2 , while their phase differences are unbounded. The mean frequency is defined as ⍀ϭ͗ ͘ where ͗•͘ means averaging over time. On the other hand, for a given system, the degree and rate of synchronization depend vitally on the coupling scheme used. Investigations on PS are usually based on systems with direct state coupling.
12 In order to uncover the properties of PS extensively, some other coupling schemes, such as unidirectional coupling, 20 binary coupling, 21 and asymmetric coupling, 22 have been studied. These schemes can optimize or improve the synchronization among the coupled systems.
For two structurally equivalent systems, i.e., systems where the nonidenticity resulted in a rather small parameter mismatch, a ͑direct͒ state coupling can lead to perfect PS between them. However, the PS between two structurally nonequivalent systems is always imperfect and so it is necessary to find an effective coupling scheme that can achieve perfect PS in this case. On the other hand, n:m PS where n m has been found from the firing activities of groups of neurons in human brain. 23 Normally, the state coupling can only achieve 1:1 PS and thus is difficult to fully explain the dynamical approach between groups of neurons. Therefore, the investigation of other coupling ways that can easily obtain n:m PS where n m is also interesting for biological science.
Recently, we studied phase coupling to obtain n:m PS in drive-response Rössler oscillators.
18 Rich behaviors such as amplitude reduction were found. However, this method can only be applied to chaotic oscillators whose attractors have single rotation center, such as Rössler oscillators. In this article, we go further to develop a general phase coupling method. With this method, PS between two general and structurally nonequivalent systems can be obtained by mutual coupling phase signals. Their amplitudes remain noncorrelated even at various coupling strengths. As an example, the dynamics of 1:1 PS is discussed in detail. Before the CHAOS VOLUME 12, NUMBER 1 MARCH 2002
Coupled chaotic systems are important in the research of chaos. Not only can they serve as models of nonlinear spatially extended systems, but they also play an important role in understanding the mechanism of biological information processing (Kaneko, 1989) . Coupled map lattices (CMLs) are simple models of spatio-temporal chaos and have been extensively investigated by a number of researchers (Kaneko, 1995; Lemaitre and Chate, 1998; Belykh et al., 1998; Chen et al., 1998; 1999; 2000) . They can be analyzed based on the collective movements of coupled oscillators (Willeboordse and Kaneko, 1994) . In general, they have the form x nþ1 ðiÞ ¼ ð1 2 1Þf ðx n ðiÞÞ þ 1h n ðiÞ ð 1Þ where x n (i ) is the ith unit's value at time n; (i ¼ 1; 2; . . .; M; M is the size of the one-dimensional lattice) and h n (i ) is the interaction mainly caused by other elements in the lattice. The first term at the right-hand-side of Eq. (1) represents the unit's dynamics given by a properly-selected nonlinear mapping function f(x ) while the second term is the coupling of the interaction through the coupled parameter 1ð0 # 1 # 1Þ:
In general, there are three types of coupling in CMLs. Those with local, direct-neighbor coupling have the form h n ðiÞ ¼ f ðx n ði þ 1ÞÞ or h n ðiÞ ¼ f ðx n ði 2 1ÞÞ are called oneway CMLs. They are simple coupled systems that are usually regarded as a kind of diffusion process. On the other hand, the interaction term of globally coupled maps is actually the mean field with the following form
In general, the interaction term, h n (i ) of intermediaterange coupling is given by
where K is the coupling range, 1 , K , M=2: An application of chaotic systems is for communication (Pecora and Carroll, 1990; Sinha et al., 1992; Xiao et al., 1996; Rolf et al., 1998; Zhou and Lai, 1998; Anoniou et al., 1999; Chen et al., 2001) . It is reported that a oneway CML with local, direct-neighbor coupling can be synchronized with another by just a scalar signal (Johnson et al., 1996; Peng et al., 1996) . More complex coupled systems such as globally or intermediate coupled maps may have greater potential in secure communication as these systems can produce more complex high dimensional hyperchaos. In the investigation of various coupled systems, the coupled parameter 1 is frequently used to indicate the strength of coupling from other fields in the same lattice (Amengual et al.; Maistrenko et al., 1998) . When 1 is small, it is weak coupling and the strength of coupling increases with 1. In different ranges of 1, there
We have studied phase synchronization between two identical Rössler oscillators connected in the driveresponse configuration by a single phase signal. Before the transition to phase synchronization, the distribution of the time interval between consecutive 2 jumps shows several sharp peaks. With a strong phase signal coupling, the n:m phase synchronization between the oscillators can be achieved. For the n m phase synchronizing state, some values of coupling strength result in a phenomenon characterized by a reduction in the mean amplitude of the response termed amplitude reduction. In these regions, the mean rotation speed of the response remains approximately constant while the locking ratio n:m varies. An interesting phenomenon of practical importance in coupled chaotic oscillators is the synchronizing state ͓1͔. It has been studied extensively in the context of laser dynamics ͓2͔, electronic circuits ͓3͔, chemical and biological systems ͓4͔, and secure communication ͓5͔. Various types of synchronization including complete synchronization ͓6͔, lag synchronization ͓7͔, and phase synchronization ͓8͔ have been studied. It is shown that, for two nonidentical chaotic oscillators with mutual coupling of variables, phase synchronization ͑PS͒ can be typically obtained. The coupling variables in these studied PS systems ͓8͔ are directly related to the amplitude of the oscillators. Therefore, after PS is obtained at a certain coupling strength, a further increase in the coupling may lead to lag synchronization and complete synchronization ͓7͔. The amplitudes of the two PS systems still have some correlation due to the interacting variables ͓9͔. PS is distinguished from complete synchronization by the appearance of entrainment between the phases of interacting systems with less correlation in signal amplitudes ͓10͔. PS with a 1:1 locking ratio has been widely discussed for coupled Rössler oscillators. An interesting question is in what case can the n:m PS state be observed in coupled Rössler oscillators. It has been shown that chaotic synchronization has important uses for the application of secure communication ͓5͔. In this case, a unidirectional coupling signal is required to be a transferable signal. Thus in order to use PS for secure communication, it is important to find effective methods to achieve PS between two unidirectionally coupled drive-response oscillators.
In this paper, we introduce a method to obtain the n:m PS between two unidirectionally coupled oscillators in which a phase signal is used as the driving force. The system studied in the paper consists of two Rössler oscillators in a driveresponse configuration. Its dynamical features of n:m PS are discussed in detail. For the non-phase-locking case, the distribution of the time interval between consecutive 2 jumps shows several peaks. For the n:m PS state with n m, the mean amplitude of the response fluctuates substantially when compared with that without any coupling. In a certain range of coupling strength, the mean amplitude could become very small. This is referred to as the amplitude reduction phenomenon. At the transition for various n:m PS states, a linear relationship between the mean amplitude and the n:m ratio is found in the amplitude reduction region. Our simulations further show that the mean rotation speed of the response oscillator is maintained approximately constant throughout transitions to various n:m PS states. As the phenomena of amplitude death and semideath in two coupled nonlinear oscillators and their possible application in physics, chemistry, medicine, and biology have been observed and studied ͓11͔, the investigation of amplitude reduction may also lead to potential application in those areas.
The proposed phase-driven method is first illustrated using two identical Rössler oscillators configured in the driveresponse mode. A general n:m PS can be found for the response oscillator driven by a single phase signal from the driver. The drive oscillator is described by the following set of equations ͓12͔:
The response oscillator is governed by ẋ 2 ϭϪy 2 Ϫz 2 ϩ"r 2 cos͑␤ 1 ͒Ϫx 2 …, ẏ 2 ϭx 2 ϩ0.15y 2 ϩ"r 2 sin͑␤ 1 ͒Ϫy 2 …, ͑2͒
where 1 is the phase of the driver, r 2 is the amplitude of the response system, and is the coupling strength. The parameter ␤ is given by n/m, which is termed the locking ratio. 
Introduction
Synchronization of interacting oscillators is of fundamental interest for many applications of nonlinear dynamics in chemistry [1], electronics [2] and biology [3] . A complete coincidence of states in the systems of concern is referred as complete or full synchronization [4] while a time-shifted coincidence is called lag synchronization [5] . There is also phase synchronization (PS) [5] [6] [7] [8] [9] [10] [11] [12] , a phenomenon observed in a system formed by two coupled chaotic oscillators or in a single self-sustained chaotic oscillator subject to external force. This phenomenon usually refers to the situation that phases of the interacting systems appear to have a certain relation but the amplitudes remain chaotic and uncorrelated [11] . PS is an area of recent * Corresponding author.
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interest as it can help in understanding the synchronization of neuronal activity of remote areas in human brain [13] and multichannel nonlinear digital communications [14] . At first, PS behavior is discussed in weakly coupled chaotic oscillators that typically show weak correlation between their amplitudes. If phase coincidence is obtained at strong coupling, their amplitudes have a relatively large correlation. In some papers, the phase coincidence at strong coupling is also referred to as PS [15] . For better understanding, the term "phase locking" (PL) is used in this Letter to describe phase coincidence regardless of the correlation of amplitudes.
As PL of coupled oscillators leads to various applications, it is important to find out its properties for various phase-coherent attractors (PCA) [11, 16] . Recent investigations mainly focus on the properties of PL for strong PCA [5, 15] and so the relationship between the transition to PL and the corresponding Lyapunov ex-Phase synchronization is studied with a discrete system formed by two coupled map lattices, in which phases are measured in two-dimensional vectors. Simulation results show that by imposing external coupling between the two lattices, phase synchronization can be found in all two-dimensional phase planes between them. When the system is approaching the phase synchronizing state, unstable phase synchronization is observed. This is referred to as intermittent phase synchronization that appears when the trajectories on two interacting phase planes have opposite directions of rotation but with only a small phase difference. The intermittent phase synchronization could also be observed in coupled autonomous systems with diffusive attractors although their phase concepts are inconsistent. Our results show that the intermittent phase synchronization of both discrete and autonomous systems relates to the diffusion or the complexity of the attractors. 
I. INTRODUCTION
An interesting and practically significant phenomenon in large ensembles of chaotic maps is the synchronization of connected oscillators ͓1͔. Chaotic synchronization is a fundamental problem in theoretical physics with applications to many areas of science and technology. Various types of synchronization including complete synchronization ͑CS͒ ͓2͔, lag synchronization ͓3͔, and phase synchronization ͑PS͒ ͓4͔ have been observed. PS has been studied not only for coupled continuous chaotic systems, but also for the discrete ones. Kaneko ͓5͔ considered the phase of discrete systems as ''up'' and ''down'' of data in time series. This phase concept has then attracted recent research interest ͓6-8͔. If two chaotic time series have the same trend of ''up'' and ''down'' movement in the course of iteration, PS is considered to have been achieved ͓7͔. In other papers, the phase is also defined as the local ''maximum'' and ''minimum'' of the time series ͓8͔. A definition of weak PS requires that two series have the same number of local ''maxima'' and ''minima'' over a long period of time, but these turning points are not necessary to occur simultaneously. In order to investigate PS in discrete systems quantitatively, the phase of a discrete system is defined in two-dimensional ͑2D͒ phase plane and is distinguished by the rotation direction in the course of iteration ͓9͔. It is shown that the discrete PS phenomena can be applied to symbolic encoding as well as other engineering fields ͓7,8͔. Therefore, it is important to study PS in discrete systems.
From the investigation of coupled map lattices ͑CMLs͒, it has been found that phase synchronizing states can emerge in the collective behavior of an ensemble of CMLs as a result of nearest-neighbor ͓7͔ or mean field interaction ͓8͔. However, the characteristics of phase difference between two interacting CMLs have not been investigated in detail. In this paper, we will investigate the PS phenomenon in coupled spatiotemporal chaotic systems. Our simulation results show that by imposing a certain external coupling, PS can be found for various pairs of variables between two lattices. Within some coupling regions, unstable PS that exhibits PS characteristics during long intermittent time windows occurs. Therefore it can be considered as intermittent phase synchronization ͑IPS͒. The mechanism of this phenomenon will be discussed in detail. Furthermore, we use two coupled chaotic oscillators to show that IPS phenomenon could also be found in autonomous chaotic systems with diffusive attractors although the phase concept is inconsistent with that in discrete systems.
This paper is organized as follows. In Sec. II, the basic model of two interacting CMLs is introduced. Moreover, the phase definition for discrete chaotic systems, the criterion for weak PS and the method for calculating the maximum agitation will be stated. With an increase of coupling strength, the phenomena of non-PS, PS, and IPS could be found. Sec. III is devoted to the discussion of IPS. The dynamical analysis of IPS is presented in detail in Sec. IV. Section V briefly describes the IPS in autonomous chaotic systems. Finally, conclusions, are drawn in the last section.
II. BASIC MODEL AND PHASE OF CMLs
In this paper, we will use two CMLs ͓10͔, each with length N, to construct a discrete chaotic system for investigating PS. The first lattice is defined as follows:
while the second one is
Recently, the concept of phase, as well as phase synchronization ͑PS͒, has been generalized to the study of chaotic systems ͓1,2͔. In particular, PS has been studied in nonlinear neural ͓3,4͔, cardiac ͓5͔, and ecological systems ͓6,7͔. It is also observed in oscillations between respiratory and cardiac rhythms ͓5͔ or between brain activity and the signals from the flexor muscle ͓3͔. The subthreshold chaotic oscillation of electrically coupled inferior olivary neurons in vitro has also been examined from the view of PS ͓4͔. The results of these studies suggest that PS plays an important role in the behavior of chaotic systems.
The PS of autonomous continuous-time systems is usually defined as the appearance of a certain relation between the phases of the interacting systems while the amplitudes remain chaotic and are, in general, noncorrelated. As many systems under study are discrete-time systems, it is important if the concept of phase can be extended to discrete-time maps so that their PS behavior can be investigated. In Ref. ͓8͔, PS has been discussed for discrete maps by checking if the system scalar signals simultaneously show local maxima or minima. With this process, the phase is only defined at the local extremes of scalar signals and does not apply to multidimensional vectors.
In this paper, a simple and instantaneous phase definition is proposed for the study of discrete maps. With such a definition, an exact phase can be calculated at any iteration time for any scalar signal or two-dimensional vector of interest. As a result, PS can be discussed in a more flexible and quantitative manner.
We first consider a discrete map x ៝ (tϩ1)ϭF ៝ "x ៝ (t)… where x ៝ (t)ϭ͓x 1 (t),x 2 (t),...,x N (t)͔ is the state vector and N is the dimension of the map. The phase of a two-dimensional vector in the s 1 Ϫs 2 plane is defined as R. If we want to discuss the phase of a scalar signal, e.g., s 2 (t), we can simply let s 1 (t)ϭt. The definition of the phase variable (t) in Eq. ͑1͒ indicates that the chaotic signal at time t is taken as the center of that at time tϩ1. In order to make the phase continue to increase in a specific direction, the integer m(t) is chosen as
͑3͒
with m(1)ϭ0.
The mechanism caused by this definition is shown in Figs. 1͑a͒ and ͑b͒. In Fig. 1͑a͒, s(t) is a vector on the s 1 Ϫs 2 plane while r is a measure of the length of this vector. The phase is independent of r. This is further illustrated in Fig. 1͑b͒ in which the starting points of all the vectors are at the origin. Thus our phase definition only concerns the angle between the current vector and the s 1 axis and does not depend on the length of the vector. With this process, the PS of discrete maps is defined as the appearance of a certain relation between the phases of the coupled maps while the distances between them remain chaotic.
In the rest of this paper, the PS phenomenon in two typical systems is investigated. In the first example, we reconsider the PS states of the global coupled map lattices studied in Ref. ͓8͔, where the signal of interest is a scalar. Simulation results show that our definition of phase is consistent with that in Ref. ͓8͔. In the second example, we examine the PS in two one-way coupled map lattices, where the signal of interest is a two-dimensional vector.
Example 1. We first consider an ensemble of N coupled one-dimensional map lattices, each formed by L logistic maps ͓8͔. In this system, the state x k i of the kth map (k ϭ1,...,L) in the ith lattice (iϭ1,...,N) evolves through iterations according to the following formula:
w x Chaotic synchronization proposed in Refs. 1-3 is widely studied in recent years. It was developed into w x w x various types of synchronization such as phase synchronization 4,5 , noise-induced synchronization 6,7 and w x w x lag synchronization 8 . One of the important methods introduced in Ref. 9 is to synchronize chaos from a high-dimensional hyperchaotic coupled map system using a single scalar feedback signal formed by the linear combination of the original phase space variables. By varying the parameters of the feedback, all the Lyapunov exponents of the response system can be made negative. The amplitude of the feedback perturbation then diminishes as time passes, and synchronization is obtained. Theoretically, this method can be used to synchronize any drive-response systems because there are a large number of adjustable variables in the response w x system. Some special or extended cases of this method are also discussed 10-12 . w x The method described in Ref. 9 is general and important for synchronizing hyperchaotic systems. However, too many parameters need to be adjusted and there is not an effective way in finding the optimal parameters. For a m-dimensional system, there are 2 m parameters to be adjusted. If the simple search method presented in Ref. w x 9 is used, the computational complexity will be extremely high for large m. Therefore the method is not
